In the analysis of the process of electric excitation of excitable tissues, the consideration of the following three factors is essential, namely the intensityfactor, the time-factor and the slope-factor. By these factors we mean the quantities which on one side characterize the electric stimulus employed and on the other hand represent properties of the excited tissue determining the effectiveness of the stimulus.
Among the three factors stated above, the slope-factor was the first to be recognized (du Bois-Reymond (1), 1848), and until the end of the last century it had been regarded as the sole factor which determined the effectiveness of an electric stimulus (Hermann (2) , 1879), although there were some investigations carried out with intention to approach the problem from an entirely different angle (cf. Cremer (3) and Lapicque (4) ). Since the advent of this century, the importance of the time-factor has begun to be accepted, due to the introduction of modern techniques (Hoorweg (5) , 1892; G. Weiss (6) , 1901), and the interest of the nerve-physiologists has since been concentrated on the relationship between the time-and the intensity-factors. But investigations of the slope-factor has also been done from time to time, and recently its importance was emphasized once again (Hill (7) , 1936). It might therefore be stated that the mechanism of excitation . can only be elucidated in terms of the three factors stated above (Suzuki (8, 9) , Katz (10) ).
In this institute we have long (since 1932) been investigating the problems along this line, choosing the slope-factor as the main subject of research (Suzuki (11)), and a large amount of new data has been obtained and published in Japanese.
In this paper I shall describe the newest and most significant experimental results, obtained in collaboration with T. Kure, namely the effects of various ions on the slope-and the intensity-factors of nerve.
METHODS
There are several quantities which serve to characterize the slope-factor: Lucas' (12) minimal gradient, Fabre's (13) " constante lineaire," Hill's (7) constant A, Schriever's (14) " Einshleichzeit " and Lapicque's (15) threshold of " climalyse," all these can be regarded as measures of the slope-factor. According to Hill's theory of nerve excitation, the " constante lineaire " (c.l.) is identical with Hill's A, although the c.l. has been introduced from an entirely different point of view. It is superior to A in the point that it can be determined by measuring only two vallies, namely the rheobase and the " pente limite " (see below).
In the present investigation
Fabre's original method of measuring the c.I. was improved by using a pentode. A satisfactorily constant saturation current can be obtained only by the use of this type of vacuum tube (Suzuki (16) ).
The diagram of the electrical circuits employed is given in Fig.1 , in which (A), (B) and (C) represent respectively the source of a direct current, that of a saturation current and the stimulating circuit.
With the circuit (A) connected to (C), in which the contact S1 is kept closed and S2 .open, the threshold for the direct current, namely the rheobasic voltage V, can be measured.
Connecting (B) with (C), with -S2 closed and S1 open, the " pente limite " (p.1.), nemely the ratio ( I/C) of the threshold strength I for the saturation current to the capacity of the condenser C, can be determined.
The ratio Vip.1., namely VC 11, gives the c.l. The capacity C was fixed at a constant value (10 pF.) throughout the experiment.
Stimulating currents were sent into the nerve by the use of a fluid electrode box with the cathode kept in the air (Suzuki (17)). The chamber in which the cathode was kept was filled with various solution to be investigated, and V and the p.l. were determined from time to time after withdrawal of the fluid in the -chamber by means of a siphon for a short time . The ions studied were IC, NH4,. Na*, Ca and Me.
The concentration of the solution of these ions was changed by mixing the isotonic solution of their chloride with Ringer solution at various proportions.
The notation " N/100 concentration " used in this paper signifies a mixture of N parts of the isotonic ion solution with (100-N) parts of the Ringer solution.
RESULTS

A. Alkali metal ions.
Among the ions of this group IC and NH4 affect the nerve in the same manner. Fig.2 gives an example of the experiments showing the effect of K at high concentrations.
Here it is shown that K' auguments both the rheobase V and the threshold strengh I for the saturation current, the change in the latter value being much more pronounced than that in the former and, as the consequence, resulting in a decrease in the c.l., namely VII. Although V and I, at this concentration of IC, show a decrease later, the c.l. remains small for a long period.
At a low concentration ( Fig.3) , the, increase in V and I by the action Fig.3 . Effect of KC1-solution of concentration 0.5/100. of IC lasts for only a short period and is followed by a decrease in these quantities.
As the decrease in I is more pronounced than that in V, the value of the c.I., which has at the onset shown a slight decrease, begins now to increase step by step.
The diagram of Fig.4 is constructed, by collecting the data from 8 different preparations, to show how the c.l. is affected by K'-ion of varying concentrations. It can be seen in this figure that this ion reduces the c.l. at high concentrations and auguments it at low concentrations, and also that there exists a certain intermediate concentration at which its effect on the nerve is not very conspicuous. The effects of IC on the c.l. at high and low concentrations may at first sight appear opposite to one another.
On closer analysis, however, one easily finds that there are at every concentration two different phases in the action of the As regards the changes in V and I, it was found that both of them ran parallel with the c.l.: namely an increase in the c.l. is accompanied by a decrease in V and I, and vice versa, the change in I being more pronounced than in V. Here can also be found the two opposite phases in the course of changes ( Fig.3 ). Effect of CaC12-solution of concentration 1/100. very indistinct (Fig.7) . In Fig.8 one finds that the curves showing the effect of Ca-ion of varying concentrations closely resemble those furnished in Fig.4 representing the effect of Ks-ion. The data presented in Fig.9 and comparison of these data with those in Fig.8 tell us that the relation of Me-to Ca--ion is also similar to that between NH4-* and IC-ion.
Although the action of all these metal ions are shown to be qualitatively the same, it should be pointed out that there is a remarkable quantitative difference between alkali metal and alkaline earth metal ions. Comparing the data furnished in Figs.4 and 5 with those in Figs.8 and 9 , one easily finds that the above-stated intermediate concentration, at which there is practically no change in the c.l., is much lower for K* and NH4* than for Ca-and Mg-, and also that IC and NH4* manifest the c.l.-decreasing effect (at higher concentrations) more pronouncedly than the opposite effect (at lower concentrations), while in Ca** and Mg-the c.l.-increasing effect (at lower concentrations) is stronger than the el.-decreasing effect (at higher concentrations).
One may therefore speak of a ' quantitative antagonism between the two groups of ions. In fact there is an antagonism between K* and Ca-in the range of concentration from 1 to 5/100 and between NH4* and Mg** in the range from 3 to 10/100 ( Fig.10) . 
DISCUSSION
The effect of ions upon the slope-factor of the nerve has already been subjected to repeated study by Lucas (12) Now we have investigated on the two groups of ions, alkali metal and alkaline earth metal, in a wide range of concentration, and could establish that these two groups of ions affect the c. l. of the nerve in substantially the same manner.
Namely, they decrease the c. l. at high concentrations and augument it at low concentrations, and there exists a certain intermediate concentration, at which the effect is not conspicuous.
The two opposite effects at high and low concentrations are however considered to be exaggerated manifestations of the two different phases in the effect of ions, namely the c. l.-decreasing effect in the early phase and the c. l.-increasing effect in the later phase. And between the actions of the alkali metal and alkaline earth metal ions, there is a remarkable quantitative difference, and one may speak of a quantitative antagonism between them.
Change in the rheobase due to the action of the ions is also worth discussion.
The rheobase V and the minimum effective strength I of the saturation current change their magnitudes in the same direction, and the change in the latter value is more pronounced than that in the former.
From this fact it follows that the c. l. changes its magnitude always in the opposite direction to V, as the ratio V/I represents the c. l., I being a quantity proportional to the p. l.
(cf. "Methods").
The diphasic course of changes, which we saw in the case of the c. l., is also remarkable in the case of V and I. This relationship between the changes in the c. I. and V is brought about not only by the action of the ions, but also by the variation of almost all kinds of environmental conditions of excitable tissues, such as temperature, osmotic pressure etc. Suzuki and Ishii (23) , reexamining the data obtained by many investigations in the world and our own, called it as "a typical change of excitability" resulting from the variation of the environmental conditions. It signifies that the rheobase (the intensity-factor) and the p. l. (the direct expression of the slope-factor) change their magnitudes in the same direction, the change in the latter value being more pronounced than that in the former. RUSUME 1) Effects of alkali metal and alkaline earth metal ions upon the slopefactor and the intensity-factor in electric excitation of nerve were investigated. Fabre's "constante lineaire" (c. l.) was measured by an improved method. The 2 Although the different authors used different quantities to express the slope -factor , I MASAO SUZUKI ions studied were K, NH4, Na, Ca and Mg. The isotonic solutions of their chloride were mixed with Ringer solution at various proportions, and changes in the c. l. and the rheobase V after the application were traced.
2) All the ions of the two groups, alkali metal and alkaline earth metal ions, affect the c. l. of the nerve in substantially the same manner. At low concentrations they increase the c. L and at high they decrease it, and there exists a certain intermediate concentration, at which there is practically no change in the c. l. These two opposite effects are however, at every concentration, manifestations of the two different phases in the effect of the ions, namely the c. l.decreasing effect in the early phase and the c. l.-increasing effect in the later phase.
3) Between the alkali metal and alkaline earth metal ions there is a remarkable quantitative difference in the value of the intermediate concentration and in the relative intensities of the two different phases stated above. One may therefore speak of a quantitative antagonism between them. 4) The changes in the rheobase V and the threshold strength I for the saturation current run parallel with that in the c. l; they change their magnitudes in the same direction, the change in I being always more pronounced than that in V. This change in I (proportional to the "pente limite," i. e. the direct expression of the slope-factor) and in V (the intensity-factor) is a typical one brought about by the variation of environmental conditions of excitable tissues.
